A survey for the presence of ochratoxin A (OTA) was undertaken from 2001 to 2005 in 188 samples of sweet wines produced in Spain and 102 originating from other countries : and USA (1). The analytical method was based on immunoaffinity chromatography clean-up and HPLC with fluorescence detection. The limit of detection (defined as signal / noise = 3) was estimated to be 0.01 µg L -1 . The limit of quantification (0.02 µg L -1 ) was checked as being the lowest measurable concentration. Ochratoxin A was detected in 281 out of 290 samples analysed (96.9 % positive), at concentrations ranging from 0.01 to 4.63 µg L -1 . The overall mean and median levels were estimated to be 0.50 µg L -1 and 0.14 µg L -1 . In Spanish sweet wines, OTA was found in 99 % of the samples, with mean and median values of 0.65 µg L -1 and 0.19 µg L -1 , respectively. The mean value obtained in this study for OTA in the Spanish sweet wines would result in an intake of ca. 37.5 ng / day and 3.2 ng /day of OTA for regular consumers and for the overall population, respectively. These figures represent a minor contribution to the PTWI or TWI established by JECFA and the European Food Safety Authority : 3.8 % and 3.1 % for regular consumers; 0.4 and 0.3 % for the whole adult population, respectively.
Neopetromyces , Frisvad & Thrane 2000 , Larsen et al. 2001 , Castella et al. 2002 . Ochratoxin A is a potent nephrotoxic mycotoxin which is carcinogenic to rodents and possesses teratogenic, immunotoxic and possibly neurotoxic properties (Scientific Committee on Food 1998). Some evidence exists in support of both genotoxic and non-genotoxic mechanisms by which OTA causes carcinogenicity (Mally & Dekant 2005 , Pfohl-Leszkowicz & Castegnaro 2005 . The
Internacional Agency for Research on Cancer has classified OTA in Group 2B as possibly carcinogenic to humans based on sufficient evidence for carcinogenicity in experimental animals and inadequate evidence in humans (IARC 1993 Ochratoxin A has been frequently detected as a contaminant in a number of foodstuffs of vegetable or animal origin (Van Egmond & Speijers 1994) . Particularly, the presence of OTA in wines of different types, origins and designations has been reported worldwide since 1996 by many authors (Zimmerli & Dick 1996 , Burdaspal & Legarda 1999 , Visconti et al. 1999 , Festas et al. 2000 , Otteneder & Majerus 2000 , Majerus et al. 2000 , Tateo et al. 2000 , Woese 2000 , Filali et al. 2001 , Pietri et al. 2001 , López de Cerain et al. 2002 , Hocking et al. 2003 , Shephard et al. 2003 , Soufleros et al 2003 , Stefanaki et al. 2003 , Rosa et al. 2004 , Ng et al. 2004 , Brera et al. 2005 , Sugita-Konishi et al. 2006 . The presence of OTA in wines seems to be due exclusively to the colonization of grapes by OTA-producing moulds. At least in Europe, Aspergillus carbonarius seems to be by far the species with the highest OTA production potential in grapes, followed by other species of the section Nigri, such as A. niger or A. tubingensis (Abarca et al. 2001 , Battilani & Pietri 2002 , Sage et al. 2002 , Battilani et al. 2003 Medina et al. 2005 , Perrone et al. 2006 (Castellari et al. 2001 , Lo Curto et al. 2003 , Roset 2003 , Gambuti et al. 2005 . In most of the occurrence studies, the levels of OTA found in red wines were higher than those in rosé wines, followed by white wines (Bellí et al., 2002) . Some studies also have pointed out the relatively high concentrations of OTA found in sweet (dessert) wines, frequently higher in average than those found in red wines (Zimmerli & Dick 1996; Burdaspal & Legarda 1999 , Stefanaki et al. 2003 .
Wine was identified as the second most important source of OTA after cereals in the European diet, accounting for as much as 13 % of total contribution, according to the conclusions of the Report of the second Scientific Cooperation Task promoted by the European Commission in 1999, concerning the assessment of dietary intake of Ochratoxin A in the population of the EU Member States (Miraglia & Brera 2002) . In the referred Report, it was also stated that among the different types, red and sweet wine seemed to be the most contaminated, even if on basis of a rather low number of sweet wines.
Given the significant contribution of wine to the OTA human exposure, the European The huge variety of types of wines and winemaking operations involved in their production, make any attempt at classification a very complex task. Simplifying, it is possible to distinguish some differences between liqueur and non-liqueur wines, where wines from overripened grapes can be included as established in the Council Regulation 1493/1999 (Council of the European Union, 1999). Liqueur wine is the product having an actual alcoholic strength by volume of not less than 15 % vol. and not more than 22 % vol.; or an overall alcoholic strength by volume of not less than 17,5 % vol., except for certain liqueur wines produced in specified regions. The so-called natural sweet wines belong to that category of wines. On the other hand, "wines of overripe grapes" are those produced without enrichment, both their alcoholic content and sweetness coming exclusively from grapes, with a natural alcoholic strength of more than 15 % vol. and having an actual alcoholic strength of not less than 12 % vol. This type of wines include different ways of production: late harvest, sun drying, freezing of grapes ("ice wines"), etc. The long stay of grapes on the vines for overripening before harvest and the exposure to sun drying for a number of days after harvest, might favour fungal growth, particularly when the temperature and the humidity are high (Soufleros et al. 2003 ).
Taking into account both the scarcity of data on levels of OTA in sweet wines and their potential capacity for being significantly contaminated with OTA, the objectives of this work were to contribute to fill that gap in knowledge by providing a set of data on the levels of OTA in samples of this particular type of wines produced in Spain and 16 other countries. (1), Hungary (2), Japan (1), New Zealand (1), Ukraine (1), South Africa (1) and USA
Materials and methods

Samples
(1). The distribution according to the year of collection is shown in Table I . Most of the samples were purchased from retail outlets, in some cases they were obtained in the same country of origin, some samples were donated by wine producers and a few were from wines consumed privately by institute staff members (staff at Centro Nacional de Alimentación). All information on the samples was taken from the bottle labels.
[Insert Table I about here]
Chemicals and reagents.
All organic solvents employed were HPLC grade or glass-distilled. A 0.5 M orthophosphoric acid and 2 M sodium chloride solution were prepared in deionized water.
Deionized water was obtained from a Milli-Q water purification system (Millipore Corporation, Bedford, MA, USA).
Immunoaffinity columns
Ochraprep and Ochratest immunoaffinity columns were purchased from R- The analytical procedure was based on the use of immunoaffinity columns for clean-up and reversed phase liquid chromatography with enhanced fluorescence detection by post column addition of ammonia as previously described by Zimmerli and Dick, (1996) , with slight modifications as follows. OTA peaks were qualitatively confirmed during the study by its methyl ester preparation according to the method of Zimmerli and Dick (1995) . In summary, this confirmatory method was applied as follows: 50 µL of the final extract were taken to dryness. After the addition of 2.5 mL of methanol and 0.1 mL of concentrated HCl, the solution was left overnight at room temperature. The solution was evaporated and the residue redissolved in 100 µL methanol / 9 % acetic acid (72:28). This solution was used for LC analysis in the same conditions as described above. An amount of OTA standard was also esterified in the same manner. The loss of the peak corresponding to OTA and the similarity in retention times (at a longer retention time) both of the esterified standard and the sample was used as criteria for confirmation of OTA identity.
In addition, the identity of OTA was confirmed in the most contaminated samples 
Method performance characteristics and quality assurance
Validation. The method for OTA in wines was initially in-house validated for the analysis of table wines by using white and rosé wines in the validation study (Burdaspal & Legarda, 1999) . The analytical procedure was validated again on sweet wines for the present study. Six replicate ´blank´ samples of a liqueur wine and three sets of six replicates each, of samples of the same liqueur wine spiked by addition of OTA at 0.020 µg L -1 , 0.5 µg L -1 and 2.0 µg L -1 , respectively, were prepared. Each set of ´blank´ and spiked samples was divided in two groups of three replicates each and analysed in different days and using different calibration curves every day in order to get an estimation of the internal reproducibility. The recoveries and precision values are given in Table II . They were always in agreement with the requirements expressed in the Limits of detection and quantification. The limit of detection was estimated as equivalent to 0.01 µg L -1 , based on a signal / noise of 3:1. The limit of quantification was established at the level of 0.02 µg L -1 (defined as signal / noise = 6). That level was tested in the validation study and confirmed in practise as being the lowest validated concentration for OTA.
Quality assurance, performance assessment and accreditation. The analysis in duplicate of a blank sample (< 0.01 µg L -1 ) and the same blank spiked at 0.05 µg L -1 were included in each batch of samples. As a part of the internal Quality Assurance Programme, the laboratory also participated three times in the Food Analysis Performance Assessment Scheme (FAPAS) rounds for the analysis of OTA in wine samples using the method employed here. Satisfactory z-scores within the range of | z | 
Results and discussion
The analytical method used in this study was shown to be effective, reliable and suitable for the quantitative determination of OTA in wines at levels as low as 0.02 µg L -1 . This procedure was basically similar to the one already used in one of the first reports where the presence of OTA in wine was demonstrated (Zimmerli & Dick 1996) , and it was inhouse re-validated in this study for its specific application to sweet wines. Table III .
[Insert Figure 2 about here]
Ochratoxin A was detected in 281 samples (LOD = 0.010 µg L -1 ), corresponding to a total incidence rate of OTA contamination of 97%. This high incidence rate reflects the widespread presence of OTA in this type of wines all over the world. Ochratoxin A concentrations in positive samples ranged from 0.01 to 4.63 µg L -1 with an overall median (50th percentile) of 0.14 µg L -1 . The arithmetic mean concentration was found to be 0.50 µg L -1 . The results have also been grouped in Table III according to their country of origin, as indicated on the bottle. The scarce number of samples analysed from some countries avoid in most cases any comparison of the results among them. However, it is noteworthy that the highest median and mean values obtained in this study, were for the set of 6 wines originating from Greece : 0.466 µg L -1 and 0.833 µg L -1 , respectively. Such high levels were similar to values previously reported for Greek sweet wines (Soufleros et al. 2003 , Stefanaki et al. 2003 .
With respect to sweet wines produced in Spain, 186 out of 188 samples contained OTA at levels > 0.01 µg L -1 , which means 99 % of the samples analysed, the median and mean values being 0.19 µg L -1 and 0.65 µg L -1 , respectively. Although there is not yet a specific regulatory level for OTA in this type of wines, eighteen samples of wines produced in Spain (9.6 %) were found to exceed the level of 2.0 µg kg -1 (or µg L -1 ), which is the current statutory limit in the legislation of the European Union for OTA in all kind of wines, except liqueur wines (Commission of the European Communities 2006). The influence of climatic conditions on the levels of OTA in wines, may be responsible at least in part, for the reported geographical differences among OTA levels in wines from different origins even in the same country (Pietri et al. 2001 , Stefanaki et al. 2003 . This makes the global comparison of mean values among different countries a symplistic approach of limited value. The OTA contamination depending on the region of production in the Spanish and French wines was investigated ( Figure 3 ) and it is shown in Table IV .
[Insert Table III] Wines originating from the areas of Valencia -Alicante and Tarragona-Penedés (designations of origin) showed the highest contents in OTA when compared to the rest of Spanish wines analysed in this study, in terms of both their mean and median values.
Both types of wines are produced in the mediterranean coast of eastern Spain. This fact is in agreement with findings suggesting that wines from the area of the Mediterranean basin appear to be more affected than wines produced in other European areas (Codex Alimentarius Commission 2006) . Several authors have proposed that the wines of the Mediterranean region may contain high concentrations of OTA due to the climate being characterized by high humidity and high temperature, stating that vineyards very close to the sea are also more susceptible to OTA contamination (Roset 2003) . The analysis of differences showed that median and mean values for OTA from both zones were French wines from the zone of Languedoc were the highest of all the French wines and they were statistically different in average from the rest (p> 0.05). The vine-growing area of Languedoc has been considered as a zone of significant risk for OTA contamination by some authors (Roset, 2003) . This region is located in the wines produced in Navarra are also shown in Table IV just as an example of wines produced in a region located far from the sea, and characterized by typical continental climatic conditions, with sunny, hot and rather dry days in the summer season, which may be affected by some sporadic storms or rainfalls during the preharvest and harvest time. The mean and median values for Navarra produced wines were 0.037 and 0.054 µg L -1 respectively, after excluding some wines where the use of blends with musts coming from the zone of Valencia, was identified.
[Insert Table IV and Figure 3 about here]
As far as we know, this is the first survey specifically designed to determine the levels of OTA in dessert wines. Limited information is available in the literature on OTA occurrence in this type of wines. Some published papers on OTA in wines include data referred to sweet wines, but according to our review of the literature never more than 20 samples were analysed. Additionally, the variability among the limits of detection and quantification of the operating procedures used, makes it very difficult to compare the results. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In conclusion, this survey provides a background of data for OTA in sweet wines and it confirms that OTA levels are higher in wines produced in areas with specifically favourable climatic conditions such as the Mediterranean region. This analytical information is also necessary for risk assessment which at least, in the case of sweet wines produced in Spain indicate, according to our estimations, that both exposure levels for the overall population as well as the sweet wine consumers are far below the tolerable weekly intakes established by JEFCA and the Scientific Panel on
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